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Tém tit: Ngay nay, robot cong nghiép di va dang trd thanh mot phan vo clng quan
trong trong cac hé théng san xuat ty dong nhu: Day chuyén ché tao va lap rap xe 6 t0,
hé théng FMS, hé thong san xuét va lap rap cac thiét bi dién tt,... Robot cong nghiép
hién nay c6 nhiéu loai c6 cdu trac khac nhau, trong cong nghiép thuong st dung robot
c6 tir 2 cho t6i 6 bac tir do, sd bac tw do cang nhiéu thi su linh hoat va tinh tng dung
ctia robot cang cao. Trong bai bdo ndy, nhom tac gia da tién hanh thiét ké mo hinh ting
bd phan va lap rap tong thé robot 6 bac tu do bang phan mém Inventor. Cin ¢t vao md
hinh thiét ké, yéu cau dat ra da tién hanh lya chon dong co, vi diéu khién, cac linh kién
va ché tao cac két cau robot bang cong nghé in 3D. Két qua thir nghiém cho thiy robot
hoat dong tdt theo yéu cau thiét ké dé ra.

Tir khéa: Robot cong nghiép, arduino, bac ty do, hé thong tu dong, thiét ké.

A STUDY OF DESIGNING AND MANUFACTURING 6 DEGREE
OF FREEDOM ROBOT MODEL USING IN TEACHING

Abstract: Nowadays, industrial robots have become an extremely important part of
automated production systems, such as automobile manufacturing and assembly lines,
Flexible Manufacturing Systems (FMS), and the production and assembly of electronic
devices. Currently, industrial robots come in various types with different structures,
typically having between 2 to 6 degrees of freedom. The more degrees of freedom a
robot has, the greater its flexibility and application potential. In this paper, the authors
have designed the model for each component and assembled a 6-degree-of-freedom
robot using Inventor software. Based on the designed model and set requirements, the
selection of motors, microcontrollers, components, and the manufacturing of robot
structures using 3D printing technology was carried out. Experimental results have

shown that the robot operates well according to the design requirements.

Keywords: Arduino, degrees of freedom, automation systems, design, robotics.
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1. DAT VAN DE

Hién nay, trudc su phat trién ngay
cang manh mé& cua hau hét cdc nganh
khoa hoc d3 thuc ddy cho cac nganh
cong nghiép ciing phat trién manh mé
theo. Viéc ap dung cac tién bo ciia khoa
hoc cong nghé vao san xuat di va dang
1a xu thé phat trién va ngay cang khong
thé thiéu trong cac doanh nghiép dé gitp
ting ning suat, chat luong va ha gia

thanh san pham.

Cung v6i sy phat trién cia cac
nganh k¥ thuat cong nghé, cac day
chuyén san xuat ty dong di va dang
dugc tng dung rong rai, dem lai hi€u
qua ro rét cho cac doanh nghiép san
xuat. Va robot cong nghiép chinh 1a mot
mit xich quan trong trong cac hé thong
tu dong do, do do6 cong nghé ché tao
robot ciing phét trién nhanh chong. Véi
nhitng wu diém vuot trdi cia robot cong
nghiép nhu: d6 chinh xac, chiu dugc moi
truong lam viéc khic nghiét, doc hai, su
bén bi,... va dan dan robot tré thanh mot
mat xich khong thé thiéu trong cac hé

thong san xuit va gia cong tu dong.

Hién nay, trong chuong trinh dao
tao nganh Ky thuat co khi va K¥ thuéat
co dién tr cia truong Dai hoc Hai Phong
[1] viéc can c6 nhitng mo hinh, thiét b
hd tro viéc hoc tap gitip sinh vién co
thém nhirng kién thire thuc té thong qua

viéc thyc hanh 13 hét strc can thiét. Tuy

nhién, cac thiét bi nhu cac Robot cong
nghiép, hé théng san xuit ty dong,...
thuc té thuong co6 gia thanh cao, kho
trang bi duoc cho cac chuong trinh dao
tao. Va viéc c6 mot mo hinh robot cong
nghiép hd trg viéc hoc tap va nghién ciru
1a hét stc can thiét cho giang vién va
sinh vién. M6 hinh robot cong nghiép 6
bac tu do ¢6 thé tng dung trong giang
day nhiéu hoc phan trong chuong trinh
dao tao nhu: Hoc phan Robot cong
nghiép, Hé théng co dién tir, Hé théng

san xuit linh hoat, ....

2. TONG QUAN NGHIEN CUU

Mot robot cong nghi¢p c6 nhiing
thanh phan co ban nhu Hinh 1, day 1a so
dd cau trac chung cia mdt robot cong
nghiép. Ngoai két cdu khung va than
robot, c6 mot vai thanh phan quan trong
cua robot nhu:

Tay méy (manipulator) 13 co cAu co
khi gdom cac khau, khép. Chung hinh
thanh canh tay dé tao cac chuyén dong co
ban, co tay tao nén su khéo 1éo, linh hoat
va ban tay (end effector) dé truc tiép hoan

thanh cac thao tac trén ddi tuong.

Co cau chip hanh: Co ciu chap
hanh 1a dong co cho phép robot ¢ thé di
chuyén. Chung c6 thé 1a dong co thiy
luc, khi nén, dién, 4p dién, polymer dan
dién tham chi 12 té bao sinh vét phu
thudc vao cong suat nang luong yéu cau

va ung dung.
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Hinh 1. So dé cdu triic chung ciia Robot cong nghiép [2]

Cam bién: cam bién 1a thiét bi cho
phép do cac thong sb moi truong ciing
nhu trang thai bén trong robot nhu khoang
cach, téc do, gia tdc, huong, chiéu, nhiét
do, ap suat, mic do anh sang, mirc do Am
thanh, sy hién dién cua vat, su c6 mat
hodc khong cd mat cua chit hodc céc
thong s tac dong dén van hanh ciia robot
va thuc hi¢n cong viéc cua nd.

Hé thdng diéu khién (controller) va
giao dién nguoi dung hién nay thuong la
may tinh dé giam sat va diéu khién hoat
dong cua Robot.

Tay may 1a phin co so, quyét
dinh kha ndng lam viéc cuia robot cong
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nghiép. D6 1a thiét bi co khi dam bao
cho Robot kha ning chuyén dong trong
khong gian va kh4 nang lam viéc nhu
nang ha vat, lép rap,...Ban dau, viéc
thiét ké va ché tao tay may 1a phong tac
cdu tao va chirc ning cla tay ngudi. Vé
sau, day khong con 1a diéu bit budc
nira. Tay may hién nay rat da dang va
c6 nhiéu loai c6 dang vé khac rat xa
véi tay nguoi. Tuy nhién, trong k¥
thuat Robot ngudi ta van dung cac
thuat ngtr quen thudc nhu: vai, canh
tay, co tay, ban tay va cac khop... dé
chi tay may va céc by phan ciua né nhu
trong Hinh 2.



PARTS OF AROBOTIC ARM
Céac b phan cla canh tay robot
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Hinh 2. Cdc thanh phan co ban ciia mot tay mdy [3]

Trong qué trinh thiét ké va sir dung
robot, chiing ta can quan tAm dén cac théng
s6 ¢6 anh huong 16n dén kha nang 1am viée
cua ching nhu: trong luong vat nang, do
cing vitng cta hé thdng cong nghé, kha

nang chiu nhiét, loai ban kep va luc
kep,...TAm voi hay truong cong tac cia
robot phu thudc vao: kich thude va hinh
dang viing ma phan cong tic c6 thé véi téi.
Sy linh hoat, nghia 1a kha nang dinh vi va
dinh hudng phan cong tac trong ving lam
viéc mot cach chinh xac theo yéu cau cong
viéc. Thong s6 nay lién quan dén sb bac tu

do va s6 khép dong ctia robot.

Can ctr vao muc dich str dung robot
dé thyuc hién cac cong viéc khac nhau ma
robot duoge chia ra nhiéu loai, mot sb Robot
phd bién 1a: Robot gip/xép san pham,
Robot han, Robot son, Robot ldp rap.

Hinh 4. Robot Kuka irng dung trong son san pham va ldp rdp 6 t6 [5]
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Nhu da trinh bay ¢ trén, chung ta
nhén thay vai tro ctia robot tmg dung trong
cong nghiép 1a vo cung quan trong vo1 su
phat trién ctia nén cong nghiép hién tai va
trong tuong lai. Tuy nhién voi Viét Nam
chting ta thi viéc 1am chu cong nghé dé co
thé ché tao va irng dung robot vao san xuét
con han ché, gia thanh nhap khau thi con
kha cao do d6 cac truong dai hoc noi
chung va dai hoc Hai Phong néi riéng dé
co6 dugc mot robot hién dai lam tai liéu
hoc tap cho sinh vién 1a diéu kha kho &
thoi diém hién tai. Do d6 khi nghién cuu
duoc thuc hién thanh coéng s& cung cip
mot hoc liéu rat can thiét cho cac giang
vién va sinh vién nghién ctru va hoc tap,
gitip sinh vién c¢6 nhiéu co hoi hon tiép
can véi thuc té san xuat hién nay.

Trong bai bao nay, nhom tac gia da
st dung phuong phap nghién ctiru ly
thuyét két hop véi thuc nghiém. Nhom da
nghién ctru mot s cong trinh da cong bd
gidi thiéu vé co sé va phuong phap thiét
ké robot cong nghiép, sau d6 sir dung
cong cu thiét ké 3D thiét ké cac chi tiét va
lap rap mo phong hoan chinh robot. Tién
hanh thuc nghiém ché tao robot theo thiét
ké va chay thtr mo hinh robot thuc hién
cac chuyén dong cua robot.

3. THIET KE KET CAU ROBOT
6 BAC TU DO

3.1. Phwong 4an thiét ké va bd
thong s6 D-H

Véi myc dich thiét ké robot c6 6 bac
tu do (6 khop dong) dam bao tinh linh
hoat va c6 thé dap tng duoc nhiéu méi
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truong lam viéc khac nhau. M6 hinh robot
¢ thé gip mot vat co dang hinh tru tron
xoay, hinh 18p phuong hoac hinh hdp chir
nhat cd kich thudc canh kep 16n nhét
khong qua 90mm va khoi luong nhé hon
100g. Phuong an robot thiét ké duogc lua
chon nhu trong Hinh 5.

Pz

Yo

Hinh 5. Céu tric dong hoc robot 6 bdc tu do
Bang thong s6 D-H ciia robot 6 bac
tu do duogc trinh bay trong Bang 1.

Bdng 1. Bé thong s6 D-H ctia robot 6 bdc

tw do

Khau Bi di dj (0.6
1 0, | d, | a, | 90°
2 0, | 0 a, 0
3 |0,] 0 | a3 | 90°
4 |e, | d 0 | —90°
5 |6, 0 0 | 90°
6 | 0, | d. 0 0

Cian ctr vao bang thong sé D-H ta
xac dinh cdc ma tran quan hé A; cua cac
khéu, sau d6 xac dinh phuong trinh dong
hoc thuan robot theo cong thure sau:



Ny Sy Gy dx

n
P="9A¢ ="A1."A; 2A33A4 A A= Y
6123456nzszazdz

Sy ay dy

0 0 01

Tt d6 ta xac dinh dugc hé phuong trinh dong hoc thuan cta robot nhu sau:
ng = C1[Ca3(CyCsCs — S4Ss) — S2355Cs] + S1(S4CsCs + CsSs)
0, = $1[C2:(CsCs5Cs — S18¢) — $2385Cs] — C1(S2C35Cs + CuSe)

n; = S33(C4CsCps — S48¢) T C2385C;

sx = C1[-C13(C4CsCs + S486) + 52385Cs] + S1(-84C586 + C4C)
$v = S1[-C23(C4CsCs + S4S6) + $2385Cs] — C1(-S4C586 + C4Cs)

8z = = S235(C4C5Cs + S486) — C2385S¢
ax = C1(C13C4S;5 + 8523C5) + 515485
ay = §1(C33C4S5 + 533C5) — C;848s
a; = 533C485 + C3C;s

dx = Ci[a1 + 22Ca + a3Ca3 + dyS23 + ds(C23CaS5 + S23Cs)] + deS15485
d, = Sy[a; + a;C; + a3Cy3 + dySy; + dg(C23CsSs + 523C5)] — deS18485
d; = a8y + @383 + dyCp3 + dg(S23C4S5 — C3Cs).

dx =P,
Vi tri tac dong diém cudi: { dy = P,
dz =P,

Vo1 C = CosH; S = Sin6.

3.2. Thiét ké mé hinh robot 6 bac
tw do bang phin mém CAD

Robot gdm 6 khép dong quay dugc
mo phong theo thiét ké robot KUKA.
Robot dugc hinh thanh béi 6 khau quay,

cac khau dugc két ndi truyén dong véi
nhau qua hé théng dong co servo, mdi
khép quay s€ 1a mot bac tu do cua robot.
Thiét ké tong thé ctia robot duoc trinh bay
trong Hinh 6. Truong cong tac cua robot
duoc trinh bay trong Hinh 7.

Hinh 6. Thiét ké tong thé robot 6 bdc tir do
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Hinh 7. Truong cong tdc cua mé hinh robot

Thiét ké dé robot: Pay 1a bo phan
dé lip toan bd phan than robot 1én va
lién két gitra robot v6i ban mdy hoic gia
cb dinh.

Hinh 8. Pé robot duwoc thiét ké bang phan mém

Inventor
Thiét ké cac khau cua robot:

Khau 1: St dung bo truyén dong
banh rang cira hop giam tdc cua dong co

SCrvo.
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Hinh 9. Khau 1

Hinh 10. Khdu 2



Khiu 2 st dung b truyén déng c6 dd 6n dinh va khong bi truot trong
banh rang cua hop giam tdc cua dong co  qua trinh thao tac.
servo. Phia sau c6 hé 10 xo trg luc gitup hd
trg qué trinh hoat dong cua khau 2.

Khéu 3 duoc thiét ké theo dang hinh
hop ¢ giita c6 16 hinh tru dé lip truc khau
4. Ca khau 3 va khau 4 déu st dung bd
truyén dong banh ring cta hop giam téc

cua dong co servo. Pong co khau 4 gém Hinh 15. Tay kep

2 phan d¢ d¢ dang thao lap khau 5. Sau khi thiét ké timg khau, tién hanh

1ap ghép cac khau lai voi nhau ta dugc ban
thiét ké tong thé ctia robot nhu trong Hinh
16.

Hinh 11. Khau 3

Hinh 12. Khau 4

. . N Hinh 16. Thiét ké 3D tong thé robot 6 bdc tu do
Khau 5 va 6 dugc thiét ké nhu trong g

Hinh 14 va Hinh 13. 3.3 Ché tao md hinh robot 6 bic
tu do

Lua chon vat liéu: Canh tay robot 6
bac cua nhom tac gid str dung phuong phap
in 3D véi nhua ABS dé in céc chi tiét cho

canh tay robot. Vi cong ngh¢ in 3D ta co

thé ché tao duoc hau hét cac loai mau thiét

Hinh 14. Khdu 5 Hinh 13. Khdu 6

ké, cong nghé nay hoan toan khong bi han
Thiét ké tay kep: Tay kep duoc ché boi d6 phirc tap cua bé mat hay do kho

thiét ké trén invertor, thiét ké tay kep vé cau truc thiét ké. Chi can mot lan thao

cAn can ximg gilp tay kep robot cting tac 1a co thé in ra duoc toan bo san pham

chic d& dang cac thao tic gip san pham, dU co cau tric phirc tap dén dau.

TAP CHI KHOA HOC SO 69 Thang 01/2025 | 25



C6 2 loai nhua phd bién dugc sir
dung rong rai trong in 3D vi dac tinh va gia
thanh hgp 1y 1a nhua ABS va nhua PLA.
Nhira ABS cimg ran nhung khong gion, can
bﬁng tdt gitra do bén kéo, va dap, do cliing
bé mit, d6 rin, do chiu nhiét cac tinh chat &
nhiét do thap va cac dic tinh vé dién. Co
tinh chét dic trung la do bén co hoc cao, do
cing cao, kha nang chiu va dap khong giam
nhanh & nhiét d6 thap, d6 6n dinh dudi tai
trong rat tot, ABS chiu nhiét tuong duong
hoic t6t hon Acetal, PC...d nhiét d6 phong.
Nhiét do in ctia nhwa ABS khé cao ttr 230°C
trd 1én. Nhya PLA tuong d6i gion, co tinh
thap, nhung san pham in ra kha dep va day
da chi tiét. Viéc sir dung nhya PLA kho
khan vi n6 gion khi n6 da ha nhiét. Ngudng
nhiét d6 ctia nd 1a thip hon so véi ABS.
Nhiét d6 in cia PLA ciing twong dbi thap,
tam dudi 190°C. Trong nghién ctru nhém
tac gia lua chon nhuya PLA dé ché tao cac
khau cuia robot.

Chon dong co: Pong co dugc chon
dé ché tao mo hinh robot 1a déng co RC
Servo MG996 14 phién ban nang cap cia
MG995, 12 dong RC sero thién vé toc do
phan ung nhanh va luc kéo manh,
thuong duoc st dung trong céac thiét ké
Robot: Xe do line, canh tay robot,
humanoid robot, robot nhén,... Pdng co
RC Servo MG996 (Hinh 17) ¢o6 luc kéo
manh, cach khép banh rang dugc lam
bang kim loai 1én c6 dd bén cao, dong
co duoc tinh hop san driver diéu khién
dong co bén trong theo co ché phat xung
- quay goc nén rat dé str dung.
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Hinh 17. Bong co RC Servo MG996 va phu kién

Ché tao va lap rap robot.

Pé in cac chi tiét cho canh tay
robot, nhom tac gia da st dung may in
3D c6 dau voi phun 0.4mm, cac chi tiét
duoc in v6i mat do lap day tir 15% (cho
cac chi tiét khong chiu tai trong 16n vira
dé giam khdi lwong cia chi tiét) toi 40%
(cho cac chi tiét chiu tai trong 16n). Thoi
gian in cho mdi chi tiét trung binh tir 3h-
12h. Céc chi tiét sau khi in ¢6 do chinh
x4c cao, dam bao thong sd kich thudc
nhu trén ban vé.

Hinh 18. Ché tao cdc khéu ciia robot bang cong

Sau khi ché tao cac két ciu cua
robot, nhom tac gia tién hanh lap rap céac
bo phan lai v6i nhau va dugc md hinh
robot nhu trong Hinh 19.



3.4 So' d6 thuat toan va phwong 4n
dAu ndi

Mo hinh robot duoc thiét ké co thé
diéu khién truc tiép tir may tinh hoic
thong qua mot phan mém duoc thiét ké
trén app dién thoai. So dd d4u ndi thiét bi
va thuat toan xay dung co thé thuc hién
dugc yéu cau trén thé hién trong cac Hinh
20 va Hinh 21.

HC-05

Power 5V

Servor 1

%F Servor 2

2

Servor 3

. E g ; §III— Servor 4

Servor 5

Servor 6

Servor 7

Hinh 20. Sod6 néi mach diéu khién canh tay robot

TAP CHI KHOA HQC SO 69 Thang 01/2025 | 27



El&t ndi tin néu voi app

goa bluetooth e
E
Z 2
=
EI.
=1
- Feaat
Kigm tra ket mda
B
G tinhidn v cho T ddng d1
arduino choven
Nhdp s Iin
Home B3p
W
Pidn Lhida cie géc b vi Ghi 12 Laro dit licn
i o VA0 135N

Hinh 21. So dé thudt todn diéu khién robot

beé diéu khién robot, nhom téc gia da

boeotloader. Dung luong RAM la 8KB.

str dung vi diéu khién Arduino AT Mega 4KB EEPROM. Nhé C(’{ bd nho ch}ron’g
2560 Hinh 22. Vi diéu khién arduino mega trinh 16n nén vi diéu khién nay c6 thé viet
2560 sit dung chip ATmega2560 cia nhiéu chuong trinh phirc tap, diéu khién
ATmel, b nhé chuong trinh lén dén duoc nhiéu thiét bi va rat phu hgp voi

256KB trong d6 c6 8KB duoc str dung bai huong nghién ciru cia nhom tac gia.
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Hinh 22. Bo mach Arduino Mega 2560 sir dung vi
diéu khién Atmega 2560

So d6 ndi day Arduino va mot mo-
dun Bluetooth HC-05 dé giao tiép voi
dién thoai thong minh. Cac chan diéu
khién cua sdu dong co servo duogc két ndi
v6i sau chan ky thuat sd cua béng
Arduino. DPé cép ngudn cho cac Servos,
can 5V, nhung diéu nay phai dén tir ngudn
dién bén ngoai vi Arduino khong thé xir
Iy lwong dong dién ma tit ca ching c6 thé

rat ra. Ngudn dién phai c6 kha ning xur Iy
it nhat 2A dong dién.

4. THU'C NGHIEM CHAY THU
MO HINH ROBOT

Sau khi mo hinh robot 6 bac tu do
duoc ché tao va 1ap rap hoan chinh, nhom
tac gia da tién hanh chay thtr nghiém dé
kiém tra cac chuyén dong ciia robot ciing
nhu d0 tin cdy cua robot sau khi da thiét

ké va che tao.

Trudc tién, cho robot thuc hién riéng
1¢ timg chuyén dong cuia cac khép dong (6
chuyén dong) va chuyén dong dong md ban
kep. Sau do cho robot thyc hién gép mot vat
tir mot vi tri ban dau sang mat vi tri moi
(thyc hién vo1 5 vi tri khac nhau).

Hinh 23. Thyuc nghiém kiém tra cdc chuyén dong cua mo hinh robot sau khi ché tao
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Bang 2. Két qua thire nghiém gdp vt ciia mé
hinh robot 6 bdc tw do

STT | Thuc nghiém | Két qua
1 Vitri 1 Pat
2 Vitri 2 Pat
3 Vitri3 Pat
4 Vitri 4 Pat
5 Vitri5 Pat

Két qua qué trinh thir nghiém cho
thdy cac chuyén dong cua robot dap tng
dung yéu cau dé ra, ca 5 1an gap va dit san
pham déu dang vi tri da thiét 1ap.

5. KET LUAN

Nhom téc gia da trinh bay mot sb
két qua nghién ctru thiét ké va ché tao mo
hinh robot 6 béc tu do, sau khi thiét ké da
ché tao thanh c6ng mé hinh thyc nghiém
theo thiét ké.

- Cac khau cua robot 6 bac tu do
duoc ché tao bﬁng cong nghé in 3D, mdt
cong nghé tién tién va dang duoc tng
dung rong rai hi€n nay.

- Hé théng diéu khién st dung mach
Arduino AT Mega 2560, c6 gid thanh ré
nhung hoan toan dap tng duogc yéu cau thiét

ké dé ra. Robot van hanh tét theo yéu cau.
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- M5 hinh robot 6 bac tu do c6 thé
ung dung trong giang day, nghién cuu

trong céc truong k¥ thuat.
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